INTRODUCTION
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replacement of ion salts (MgCl 2 , CaCl 2 , NH4NO 3 ), (ii) dilute solutions of either weak acids (acetic acid) or strong acids (HCl, HNO 3 ) and (iii) chelating agents (DTPA, EDTA). The first type of extractants are able to release into solution metals which are associated with the exchange sites on the soil solid-phase and hence can be considered as bioavailable (McLaughlin, et al., 2000) . The chelating agents, such as DTPA and EDTA, form complexes with free metal ions in solution and thus reduce the activities of the free metal ions in solution. The unbuffered salt solutions, (CaCl 2 and NH 4 Cl), is rapid and simple procedure to extract bioavailable metals (Beckett, 1989) . In some cases, salt solution does not represent plant available metals (Gupta and Aten, 1993) . Use of 0.1 M HCl solution (CSTPA, 1980) may reflect bioavailability of metals. ANZECC and ARM-CANZ (2000) recommend the use of 1 M HCl-extractable metal content for first-level screening-the rational being that total metal analysis include all non-residual metals as well as metals in the silicate mineral matrix, which are not available. We assume 1M HCl will not attack the silicate matrix, results from such extraction procedure may be closer to bioavailable fraction than total analysis. The procedures of sequential extraction define more precisely the individual fractions of elements in soil. This procedure requires three to seven steps. Consequently, it requires skilled personal, adequate analytical facilities and is also time consuming. However, complementary use of both single and sequential extraction methods may provide information useful for both short-term and long -term biological uptake of heavy metals (Singh, 2006) .
In the other part of the study (Kashem, et al., 2006 ) the chemical fractionation of Cd, Cu, Pb and Zn, is investigated but in the present study we made a comparison of individual fractions of sequential fractionation procedure with single extractants. Therefore, this study was designed to: (i) investigate the extractability of Cd, Cu, Pb and Zn in four contaminated and four non-contaminated soils from Japan, and (ii) compare the metal extractability by single extractants with the fractions of sequential extraction procedure.
MATERIALS AND METHODS

Soil samplings
Four contaminated and four non-contaminated surface soil samples (0 to 15 cm) used in this study were collected from different locations of Japan in November 2005. Four contaminated soil samples were Miyagi-1 & 2, Akita and Gumma and non-contaminated soils were Takizawa, Rokuhara, Hachirogata and Isawa. The Miyagi-1 & 2, and Akita soils were contaminated with heavy metals from irrigation with river water passing through mines after different types of industrial operations. The source of Gumma soil was the Annaka Zn mining industry The Gumma soil was located at the Gumma Prefecture of Kanto district and other seven soils were from different Prefectures of Thohoku district (Table 1 ). Rice and vegetables are the common agricultural crops. A part of each sample was air-dried, ground and passed through a 2 mm stainless steel screen before use. Some important characteristics of the soils used in this study are presented in Table 1 . All analytical work of this study was performed at the Laboratory of Plant Physiology and Nutrition, Iwate University, Japan.
Soil analysis
Soil pH was measured in a 1:2 soil/water suspension. Soil organic carbon (OC) was determined by wet oxidation methods of Walkley and Black (1934) . Cation exchange capacity (CEC) was determined by extraction with 1 M NH 4 OAc (pH 7.0) (Soil Survey Laboratory Staff, 1992). The hydrometer method (Bouyoucos, 1962) was used for the particle size distribution. Total concentration of metals (Cd, Cu, Pb and Zn) in the soils was determined by the HITACHI 170-30 atomic absorption spectrophotometry (AAS) after digestion with nitric-perchloric acid mixture (3:1).
Five different extraction procedures were used to establish the extractability and to predict the phytoavilability of heavy metals in soils (Table 2) . Each extraction procedure was performed in duplicate for each sample in 50 mL polycarbonate centrifuged tubes except 1 M HCl extract. All the extracts were centrifuged for 10 minutes at 3000 rpm, and the supernatant filtered. In case of 1 M HCl, the supernatant was passed through a membrane filter (0.5 μm). A brief summary of the sequential extraction procedure used (Kashem and Singh, 2001 ) is discussed here. Two grams of soil, 2-mm sieve fraction, was placed in a 50 mL poly carbonate centrifuge tube and following extractions were performed sequentially. (F1): Sample extracted with 20 mL of deionized water for 1 h at 20 ºC on a rolling table.
